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DIVERSION EFFECTS ON FISH

CALFED ALTERNATIVE EVALUATION FOR STRIPED BASS
NARRATIVE :

Draft - June 23, 1998

lnfroductibn-Evaluaﬁon Team and Process:

studies.

The striped bass evaluation is based on a review:
striped bass population and historic relationships of egg®
young-of-the-year abundance, and adults in relation to estl
Participants on the work team are Stephani Spaar (De

. Holland (Bay Institute) was a member of our tez
the matrices of diversion effects were developei
this group. : &

Methods:

1,2,and 3

considerati . We .
relative : ! in the matrix as major components that would affect striped
‘bass in relatic er diver ‘yaluations were based on qualitative assessments of the
degree to whi ( ulation. We used two CALFED operations draft studies
to evaluate fu EED1998).. Entrainment impacts included predation in
Clifton Court ' efficiencies, handling and release site mortality.

However, ‘these were
scoring was completed,

bass population would be restored with the proposed alternatives. All matrices were completed
using the CALFED operations studies provided. This was a judgmental process with no striped
bass modelmg, data analysis;, or quantitative assessments because time constraints did not permit
more rigor. In many cases we cannot be certain how the populatlon might respond to the new
conditions being proposed. '
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Results
The following questions were evaluated.

1. “Which life stages are most sensitive to diversion effects under no actlon and
alternatives 1, 2, and 3?2 When and where are they most affected?

- Existing Conditions ‘ '
Diversions in the Delta have had a major impact on the striped bass populatlgn whose
nursery area historically has been the Delta and Suisun Bay. (Chadwick ét.al. 19 ; ; Stevens, et
al. 1985, IESP 1987, Department of Fish and Game 1992 ). The decling flrthe young of the
S B to the effects of

minimal or ceased for much of the year because of wa
freshwater inflow. As a result there was an accumulati
evident by the large number of striped bass salvaged whi
Delta inflow increased in December. Such accumulatio:

1978-1979 .
SWP  |Delta | Striped
Pumpin | Smelt | Bass -
g-00's cfs | 000's | 000's
9 4 1
33 36 633
34 1 1,115
40 2 307
35 |0 18
20 0 173
22 o |1
27 1 172
134 [s00 [13 [0 |34
54 ]306 16 1 8

More recent analyses also support these findings. Recently Kimmerer, et al. manuscript,
suggests that density-dependent survival may moderate the effects of flows and diversions on
year class strength. While relative year class strength often changes between YOY and
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recruitment at age 3, density-dependent survival does not fully compensate for lower numbers of
YOY striped bass. The adult population was 1.8 million in early 1970's and has declined to .
about 0.5 to 0.7 million in the 1990's. This decline in adults is consistent with the general
declines in egg abundance and the 38-mm index of young abundance. Compensation is "
insufficient to offset the decline in egg production which has ranged from 319 billion in 1969, to
31 billion, in 1996. Hence, there has been an order of magnitude decline in egg production versus
only a 2/3 decline in the number of adults. Kimmerer, et al., manuscript, states “the median
losses to pumping were estimated at 33 percent, a substantlal fraction of the total mortahty and
losses were often much higher.” :

The Oakridge National Laboratory Individual Based Model res
preparatlon by Kenny Rose) indicate that dlversmns and food.supply

though not the historic measured high of 1.8 mllhon, is gvi
in driving the striped bass population decline." Food b
to 1.5 million adults but when both food and diversion
0.5 million. These model runs were made with density-d

Apparent adult mortality has also increased in rec

unknown.

No Action.
Striped bass eggs and larv:
leCl‘SiOl’lS in the Delta during the

¢cent years, young striped bass abundance has remained low despite higher
ows and low export ratés, both of whlch are conducxve to strong year

tnient since the 1970's due to entrainment losses and relatively fewer, older, more
fecund adults as a result of lower recruitment and an increase in adult mortality rates.

Alternative 1.
Under Alternative 1, entrainment of eggs, larvae and Juvemles in the south Delta would

continue, but additional juveniles would be salvaged because of improvements in fish facilities
and elimination of Clifton Court pre-screen losses. The closure of the cross channel gates
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through the spawmng season from April to June for winter-run chinook salmon protection,

would reduce the diversion of Sacramento River stnped bass eggs and larvae in comparison to
periods when the cross channel gates were open in years before the winter-run criteria went into
effect. However, closing these gates may lead to greater negative flows in the San Joaquin River.
As in the past, eggs and larvae would move across the Delta from the Sacramento River through
Georgiana and Three-mile sloughs and some would be entrained at the export facilities.-

Alternative 2. ‘ '

Under Alternative 2, increased numbers of eggs and larvae would be dlvegégl and
entrained from the Sacramento River because fish screens at the Hood di» e‘rsio o buld be
inadequate to screen these stages. At the Clifton Court diversion, egg acs
would contmue to be entramed addmonal juveniles wou]d b@salvagé

proportion of Sacramento water in the Mokelumne Riv
their migration by the fish screen at Hood. This proble

' structure in a short time, remains to be explored. If tragg
River in response to rising temperatures before they are passed

le, a temporary reduction in diversion at Hood during the stnped bass spawning
season would reduce diversion of eggs and larva from the Sacramento River and provide
transport flow to move young bass to the nursery areas downstream. If diversions are not
curtailed entrainment of egg and larva will be high and transport flows will likely be inadequate.
Adult mlgratlons would not be affected as for Alternative 2 because the facility is isolated. When
diversion occurs in the south Delta, some entrainment would continue for eggs, larvae, and
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juveniles from the San Joaquin River and through other Delta channels. However, because’
QWEST flows would be improved over existing conditions and less water would be diverted
from the south Delta, we expect less entrainment of striped bass and improvement of nursery
habitat in the Delta.

2. Can diversion effects in the South Delta be offset by habitat improvements and
other common program actions?

Striped bass can use various habitats to rear, including shallow water. An d“nprovements

in habitat such as an increase in tidal marshes in Suisun Bay, San Pablo B
secure ﬁ'om entramment effects could help stnped bass; however ther &

%ﬁ%&her fish populatlons if.
t ‘and pnmary

3. To what extent can alternatlv%el » 2y and% offse' ! e%?‘ons effects as presenﬂy |
configured? (

Alternative 1.

However, stnped bass
due to:screen inefficienci
ﬂows in the Sacrament:

ver.below Hood as occurs under present conditions, prov1d1ng for
ass out of the nver and into.the lower river and Suisun Bay than either

“*Because the Hood diversion would reduce transport flows for larvae, potentlally result in
significant numbers of adults spawning in the Mokelumine River, and entrain large numbers of
eggs and larvae from the Sacramento River, this alternative would provide worse conditions for
striped bass than existing diversion conditions. The extent of these impacts is uncertain given the
unknowns associated with the above. How these facilities are operated to mmlmlze impacts
during the spawning season is important.
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If only a few adults were blocked from migrating to the Sacramento River at Hood, _
Alternative 2 would likely decrease the entrainment of striped bass in the South Delta by creating
- more positive net flows in the San Joaquin River. Operation studies indicate that net San Joaquin
River flows at Antioch would be positive for all months of the year and in April-July would be
about double the No Action conditions or conditions under Alternative 1. However, these flows
are still small relative to the tidal volume. On average, reverse flows would no longer occur on

the San Joaquin River (based on operations studies: QWEST, 1921-1994; Flow at Antioch, 1975-' ‘

1991).

' Alternatlve 3

Alternative 2. The diversion of eggs and larvae durin,
transport flows in the Sacramento River below Hood wr
larvae in that river reach. If the facility were operated t_

1ze such diversions striped
inpithe spawning and nursery

rip! - %%g Posmve ﬂows in the

ithout sufficient densﬁy—dependent
of aﬁgb: that were historically present.
ifi aBetween the summer abundance in the ﬁrst

see Appendlx matnx page 8), largely because water
f full'restoration condltlons Altematlve 3, if operated i ina

restoration to i
demands exé

biological. o;iimbns, ete.?

: ifficult to evaluate since no water has been firmly committed to any striped bass
rest scenario. It is ‘unlikely that the 800,000 acre feet of water allocated under the CVPIA
doubling of anadromous fish will cause a doubhng of striped bass given the existing export
conditions and diversion impacts.
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7. = What degree of beneﬁt and impact will the common programs provide?

The common programs will likely provide some benefits for young striped bass, but these
are difficult to evaluate. Sereening of small Agricultural diversions would reduce mortality of
young striped bass. Planned increases in the amount of tidal marsh habitat for nursery areas
adjacent to Suisun Bay and San Pablo Bay could increase survival of young striped bass.
Reducing point and non-point sources of toxic chemicals and metals could improve conditions
for all life stages to some degree, however, present population effects of toxicants have not been
demonstrated. Reduction of organic mput and decreasmg turbidity may adversel aiect striped
bass productzon ;

8. What are the direct and indirect gﬁ'ects on fish
alternative and what is the expected response of
Covered in answers to questions 1-6.

striped bass and delta smelt? -
' Transport flows to move stnped bass into the es f

promote the survival of larvae. We recommend
to transport eggs to Collinsville to Rio Vista redc

eet flows are 1_3,000 cfs

for s eggs and larvae and delta smelt
et er sereens and pumps in Alternative 2? -
We would expect that mgst Striped b eggs an' Jlarvae would be entrained with water

10. What survival‘rate can be ted fg@gtriped %

s are low relatlve to the tidal volume which suggests
the pumps will be long, Modelmg of the

12. What are the logical stages for a preferred' alternative?

Alternative 3 is the preferred alternative for striped bass. It is not clear how this could be
built in stages based on biological considerations.
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Uncertainties
There are many uncertainties in this evaluatlon, both large and small. Even with further

data exploration, there is much that would remain speculative in our assessment of potential

benefits and detriments. First, there is the uncertainty regarding how much striped bass
entrainment losses will be reduced and access to nursery areas enhanced with positive
downstream flows rather than revetse flows in the lower San Joaquin River. Similarly, when
Sacramento River flows necessary for larva transport are greatly reduced below Hood, how much
will this affect the survival of stnped bass left in the river? At this location, transport flows
obviously become more important in years of low inflow. The proportion of the adu
would use the Mokelumne River as a mlgratlon corridor to the Sacrament
ground is unknown." If that proportion is small, it will have a Amnor effé
will-have a major negative impact.
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Matrix for Calfed
CALFED Alternatives evalu

ation for siriped bass -page 1

conditions assumes Delta Accord

Draft - Diversion Effects on Stripad Bass

Diversion Effects on Striped Bass-Existin CCo
Effacts : wt_10ctNov |Dec-Mar |Apr |May ‘ldune  lduly lAug |Sep |surm |comments
Entrainment 10 -1 Al L 22 <3| -3 -4 2 41 June to Aug more predation on juveniles.
Predation mortality-CCF + retum
- |__Entrainment losses
Handling mortality .
Food supply 3 0 .0 0 0 -1 -1 -4 0 Diversion effects on zooplankton appear small
Shallow/inshore habitat- offsetting div. 1 0 0 0 0 0 o o o
Water quality (toxics) 1 0 0 ol o -1 0 of o
WQ (salinity) affecting SJR spawning 1 0 0 -1 - 0 0 o _ o0
|Agricultural diversions 3 0 0 -1 -2 -2 -1 0 0 Diversions vary with water yeer type.
. |Hydrodynamics-Sacramento R. trans 3 0 0 -1 -1 -1 0 0 0 . .
] derﬂznamics-San Joaquin flow 3 0 0 -1 -1 2] .2 -2 -1 Diversions vary with water year typs,
|Hydrodynamic- Xdel fl- G. sland 3 mi. . 3 0 0 -1 -1} -1 0 4 0
Unweighted total -1 -1 -7 -9 41 -8 Bl 2| .45
fife stage 1 lw e&! leal fealjuw li&juv v Jjuv
Diversion Effects on Striped Bags- No Action .
Effects Oct-Nov |Dec-Mar |Apr [May [June  |July lAug [Sep comments .
Entrainment 10 -4 j -2 -3 -3 -4 2 1 |shaded cells indicate change from existing conditions
Predation mortality-CCF ' :
Entrainment losses
'|.__Handiling mortality .
Food supply 3 0 0 0 0 -1 -1 -1 0
Shallow/ nearshore habitat 1 0 0 0 0 0 0 o o
Water quality (toxics) 1 0 0 o 0 «1 0 0 0
WQ (salinity) affecting SJR spawning 1 0] - 0 -1 -1 0.0 o o
Ag_ricullural_djverslons : 3 0 0 -1 -2 2 - o o©
Hydrodynamics-Sacramento R. trans 3 0 of 4l 4 4 o o o
| Hydrodynamics-San Joaquin flow .3 ] 0 -1 -1 2 2] 2 4
Hydrodynamic- Xdel fl- G. sl and 3 mi, 3 0 - 0 -1 -1 | 0 -1 0
Unweighted total -1 2 -9 -1 8l 6] 2| 48
life stage Jjuv juv e&) [e&! le&ljuv jI&juvfjuv {juv )
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CALFED Alternatives evaluation for striped bass -page 2

Diversion Effects on Striped Bass-common prog

rams

Effects -

wi.

Oct-Nov

Dec: Mar |

Apr_

May

June

Entrainment

10

0

0l

Sep

comments

._Predation mortality-CCF

_Entrainment losses

Handling mortality

Food supply

Shallow/inghore habitat- offsetting div.

‘0

difficult to for striped bass/ need more Info.

- |Water quality (toxics and nutrients)

water quality for drinktng water not T ily good for fish

WQ (salinity) affecting SJR spawning

Agricultural diversions’

Hydrodynamics-Sacramento R. trans

Hydrodynamics-San Joaquin flow

Hydrodynamic- Xdel fl- G. sl and 3 mi.

€ &) JCO G = f=2 fau 0D

olo oo o jo lo jo lo

© {0 |Jo |jo jo o jo jo jo

O O O |0 {0 o |0 jo (o

Unweighted total

O 1O |10 10 {0 |19 [© o {O

O {0 |o jo (0 Jo (O jo |jJo

O O (O {0 (O jJo {0 | o
O o Jo jo jo o o jo |o

O O O jOo jo o O

life stage

juv

juv

e&l

e&!

e &l juv

i &juv fjuv

Jjuv

Diversion Effects on Striped Bass- Alternative 1

Effects

Oct-Nov

Deo-MgL

Apr

Ma

Entrainment

10

-1].

-2

-3

Predation moriality-CCF

June

Jul Au

Sep

comments

-1

shaded cells indicate change from existing conditions

Entrainment losses

Handling mortality

Food supply

-1

Shaliow/ nearshore habitat

0

Water quality 'gtoxics) )

“1

WQ (salinity) affecting SR sbawgl'ng

-1

0

Agricultural diversions

-1

-2

Hydrodynamics-Sacramento R. trans

-1

SR

{Hydrodynamics-San Joaquin flow

-1

-2

Hydrodynamic- Xde! fl- G. st and 3 mi.

) o3 o | fer | [ j2

Q {00 (0 |Jo jo (o (o

o o (o Jo jo |o (o jo

-1

-1

olololo o lele i

Unweighted total _

Y

.
=Y

=7

-10

-7 =3

'
-

-39

life stage.

juv

e&l

Q&I, juv

1 & juv fjuv

fuv

Draft - Dive_rsion Effects on Striped Bass .
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‘

CALFED Alternatives evaluation for striped bass -page 3

Diversion Effects on Siriped Bass-Altermative 2

Effects

Dec- Mar |Apr.

Entrainment

10

wl.__ |Oct-Nov

-1

-1

*_Predation mortality-CCF & release

Ma

June

Jul Aqg
4 -1

Se

comments

Losses due to Mokelumne spawning location

-1

jshaded cells indicate change from existing conditions

i Entralnmen_t losses

Handling mortality

Food supply

-1

| I

Shallow/inshore habitat- offsetting div.

[=]

=

d. High uncertainty.

Water quality (toxics)

-1

No effect on striped bass predi

WaQ (salinity) affecting SJR spawning

-1

~1

Agricultural diversions

Hydrodynamics-Sacramento R. trans

Hydrodynamics-San Joaguin fiow

Hydrodynamic- Xdel fi- G, sl and 3 mi, -

0 (6 W OO (= Jar | W

o lojo jo lo lo jo lo

S [O 10 O O (O |O {O

|Unweighted total

D
-

4
<Y

-1

-2

11

-1

"o}

o o O jo |o |

{Positive downstream flows Agril-July; Lower fiows in July-Aug

-7 -4

1

adults spawning in Mokelumne River

life stage

juv

e&l

e&l

e&l, ju;

1 & juv {juv

juv

adulls effected by screen barrier to spawning areas

Diversion Effects on Striped Bass- Alternative 3.

Effects

Entrainment

10

Predation mortality-CCF & release

{oct-Nov |Dec- Mar |Apr

Ma

June

Ju Au

Se|

comments

shaded cells indicate change from éxlsting conditions

Entrainment losses

Handling mortality

Food supply

-1

Shallow/ nearshore habitat

Water quality (toxics)

-1

WQ (salinity) affecting SJR spawning

Agricultural diversions

Hydrodynamics-Sacramento R. frans

Hydrodynamics-San Joaguin flow

|Hydrodynamic- Xdel fl- G. s} and 3 mi,

Unwelghted total

'uumu.n_-.;w

N (O jo 10 o |0 jO jo |o

N jo o o jo jo jo o jo

-2

-8

- <2

(=
o jo jo o o

Q
(=)

o o o o |ojo

(=]

life stage

Juv

e&l

e&l

e &l juv

| & juv ljuv

Jjuv

Draft -+ Diversion Effects on Striped Bass
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CALFED Alternatives evaluation for striped bass ~-page 4

Diversion Effects on Striped Bass - Restoration conditions

Effects :

wt, |octNov [Dec-Mar [Apr  [May |dune

Entrainment

10

Pradation mortality-CCF + retumn

Jul

Au

Se

comments

June to Aug more predation on juveniles.

Entrainment losses

shaded cells indicate change from existing conditions

Handling mortality

Food supply

Shallow/inghore habitat- offsstting div,
Water quality (toxics)

. |WQ (salinity) affecting SIR spawning

Agricultural diversions

Hydrodynamics-Sacramento R. trans

Hydrodynamics-San Joaguin flow

Hydrodynamic- Xdel fi- G, st and 3 mi.

D 160 §C) GO |- j=b faa JW

o o jo jo jo
o o jo o jo

Unweighted total

Illfe stage

0

(=]

o o |o F

70}

Draft - Diversion Effects on Striped Bass

ol e&l le&! le&ljuv [i&juv fjuv
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‘Matrix for Calfed

CALFED Alternatives evaluation for striped bass -page 5—-Weighted Results

Diversion Effects on Striped Bass-Existing conditions assumes Delta Accord

Effects

wi.

Oct-Nov

Dec- Mar

Apr

May

June

July |Aug

Entrainment

10

~10

-10

-20

-30

Sep

sum

comments

~40{ -20

=10

=170

Predation mortality-CCF + retum

June to Aug more predation on juveniles, -

Entrainment losses

Handling mortality

Food supply

Shallowfinshore habitat- offsetting div.

Diversion effects on zooplankton appear small

|Water quality (toxics)

WQ (salinity) affecting SIR spawning | .

-1

ERERERDD

Agricultural diversions

Diversions vary with water year type.

Hydrodynamics-Sacramento R. frans.

-3

Hydrodynamics-San Joaquin flow

-3

=27

Diversions vary with waler year type.

Hydrodynamic- Xdel fl- G. sl and 3 mi.

O 163 [OO O fb |- ja J2

Qo jo jo jo |[o jo |o

o o o (o jo jo jo |o

-3

‘
-
(=]

2
Y
(=]

-46

-248

Weighted total
hlfe stage

juv

juv

e&l

e &l juv

Effects

Diversion Effects on Striped Bass- No Action—-Weighted Results
’ Oct-Nov IDéo- Mar_|Apr

Entrainment

10

-10

Predation mortallty-CCF

May |

une

July  |Au

sep

sum

lcomments

-20

-30

-30

40} -20

-10

-180

shaded cslls indicate change from existing conditions

Entrainment losses

Handling mortality

Food supply

Shallow/ nearshore habitat

Water quality (toxics)

Q o jo

WQ (salinity) affecting SJR spawning

Agricultural diversions

Hydrodynamies-Sacramento R, trans

Hydrodynamics-San Joaquin flow

Hydrodynamic- Xdel fl- G. sl and 3 mi.

_jo o0 fod ) = o e GO

o jo jo jo’|lo jo jo (o

O |0 jo o (o jo o O

Weighted total

q
-
(=]

X
S

|life stage

juv

e &l

e&l

" Draft~ Diversion Effects 6n Striped Bass
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CALFED Alternatives evaluation f_br striped bass -page 6.

Diversion Effects on Striped Bass-common programs ~Weighted Results

Effects - wt.__{Oct-Nov_|Dec- Mar Apr___IMay |June July JAug |Sep [sum |comments T
Entralnment 10 0 o] .o of - 0 ol .o 0{shaded cells indicate changs from existing conditions

Predation mortality-CCF
Entrainment losses
Handling mortality
Food supply
Shallow/inshore habitat- ofisetting div.

Water quality (toxics and nutrients)

WQ (salinity) affecting SJR spawning
Agricultural diversions

Hydrodynamics-Sacramento R. trans
Hydrodynamics-San Joaquin flow
Hydrodynamic- Xdel fi- G. sl and 3 ml.

Weighted total. : ) . ‘
lllfe stage : e v juy e&l je&t le&Ljuv Ji&juv fluv  ljuv

Diversion Effects on Siriped Bass- Alternative 1--Welghted Results
Effects . Oct-Nov_|Dec-Mar {Apr May
Entrainment 10 =10 -10 -20{ -30
Predation mortality-CCF
Entrainment losses
Handling mortality
Food supply’
Shallow/ nearshore habitat
Water quality (bxlw) .
WQ (salinity) affecting SJR spawning
Agricultural diversions
Hydrodynamics-Sacramento R. trans
Hydrodynamics-San Joagquin flow
Hydrodynamic- Xdel fl- G. st and 3 mi._ -3 -3 -3
Weighted total -33] 48 42| 42
life stage : ) Juv juv e&) -le&i le&bLjuv JI&juv juv__ {juv

difficult to assess for striped bass/ nsed more info.

water quality for drinking water not Hly good for fish

e {0 [ | s for far fed
olololojolole jo lo
ololo lolo e o o jo
olojo jololo jo lo jo
olojojololo o lo o
o jololojole o jo o
olojoiolololo o o
o jolojololo o jo jo
olojojololelo o le
olojo oo o jo jo |lo

sum _jcomments
-140{shaded cells Indicate change from existing conditions -

-0 0 <3 -

[

0

-

Al A 0
3 6 -8
.3

-8

-3 -3|-
! -3

O [ 160 $6) j=» ja fob D
o jo jo o |o jo jo lo
o jo |0 o jo jo jo jo

o ld o ldlo o o
ololo o jo o o lo
O

> 16 lo o lo |o o jo jé&

3
-t
(=]
1
-
[=]
N
(=]
[
(=]
©

Draft - Diversion Effects on Striped Bass - - - B-15 June 24, 1998
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CALFED Alternatives evaluation for striped bass -page 7

Diversion Effects on Striped Bass-Alternative

2 --Weighted Results

Effects : wt.

Oct-Nov Dec-Mar_[Apr  IMay ldune

Entrainment

Predation mortality-CCF & release

10 ~10 =10 -20

Jul

Sep |sum

comments

-10

-170}June to Aug mare pradation on juveniles.”

Ishaded cells indicate change from

Isting conditions

Entrainment losses

Handling mortality

Food supply

Shallow/inshore habitat- offsetting div.

(=]
[=]
(=]

O1No effect on striped bass- predicted. High uncertajl_ty;

Water quality (toxics)

WQ (salinity) affecting SJR spawning

-1 -1 0!

Agricultural diversions

3 s 5

Hydrodynarmics-Sacramento R. trans

Hydrodynamics-San Joaquin flow

Hydrodynamic- Xdel fi- G. sf and 3 mi.

Jod Jed Jeo Jed Jr fr ja oo

O jO o jo jJo jo jo jo
O o o Jo jo jo jo O

Weighted total

LY
=)
LY
=)

43} -85 =45

o lbjo o lo {&

(=]

i o o jo jo |-
T

<] Posfﬁva doMm flows April-July;+K22 Lower flows in July-

-30|edults spawning in Mokelumne River

-49

" {life stage : i

juv uv &l je&! le&ljuyv

& juv

Diversion Effects on Striped Bass- Allernative 3 ~Welghted Results

adults affed.ed by screen ba_'r[ior to spawning areas

Effects

Entrainment

|0ct-Nov Dec- Mar |Apr Ma June
10 X

Predation mo'rtallty-CCF‘ & release

Jul

Au

Sep |sum
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